ABSTRACT
INTRODUCTION

43
The motor cortex (M1) is the portion of cortex that provides the spinal cord with input that Reep et al. 1990 ) and, as a result, its output is thought to 48 be determined by both internally-and sensory-driven factors. Input from the primary 49 somatosensory cortex (S1) to motor cortex (M1) has been long speculated to contribute to 50 sensorimotor integration and to be a major determinant of M1's output. This is supported by the 51 observation that discontinuation of S1 input to M1 can disrupt many motor behaviors in primates 
53
A common problem with the electrophysiological study of long distance, inter-areal, cortico-54 cortical pathways is the difficulty to preserve them in slice preparations, which often limits their 55 study to the description of their anatomical features. However, understanding the function of 56 such cortico-cortical pathways, like the one from S1 to M1, and their functional role within 57 cortical networks, requires among others a detailed study of their physiological and synaptic 58 characteristics, much of which can be achieved in vitro. Recent advances in the development of 59 viable slice preparations and the emergence of optogenetics have created fertile ground for the 60 better delineation and understanding of previously difficult-to-study pathways.
61
Using a sensorimotor slice preparation that preserves much of the S1-to-M1 connectivity, 62 previous in vitro studies have reported that S1 input to M1 is monosynaptic and that it produces show that the S1 input to M1 possesses Class 1 characteristics that may allow it to exert strong 80 postsynaptic effects that can "drive" M1 cells and therefore strongly affect their output. 
Animals
85
BALB/c mice of both sexes and of ages noted below were used for these experiments.
86
Slice preparation 87 Slices containing connectivity between the primary sensory and motor areas of cortex (S1 and 88 M1, respectively), were prepared from mice aged 21-60 days old as previously described by 
AAV Injections
101
For optogenetic experiments, 7 mice (aged 21-55 days) were anesthetized with a mixture of 102 ketamine (100mg/kg) and xylazine (3mg/kg), and stereotaxically injected with AAV5-CaMKIIa-103 hChR2(H134R)-EYFP (University of North Carolina VectorCore, with permission from K.
104
Deisseroth) in S1. We chose this particular promoter and serotype to ensure that only cell bodies 
136
The assessment of short-term plasticity (depression vs facilitation) was carried out by using a Subsequently, however, we also examined the effects of increased stimulation currents on 141 evoked responses (see RESULTS).
142
In order to induce and isolate metabotropic glutamate receptor activation, we used a high- The latency of an EPSP was measured as the time between stimulation onset and the initiation of 147 the evoked EPSP. We used criteria described before (Viaene et al. 2011a ) to assess the 
BDA Injections and immunohistochemistry
164
For neuroanatomical tracing experiments, we used the same co-ordinates as above to 
RESULTS
179
Glutamate uncaging hotspots 180 After patching a cell in M1, photo-uncaging of glutamate was used to reveal the locations within 181 S1 that contained cells projecting to the patched cell (we called these locations "hotspots", Fig   182   1a ). In our slice, hotspots were always found within layer 5 of S1 and occasionally were big 183 enough to extend into layer 6. A concentric bipolar electrode was placed within the identified 184 hotspot in order to electrically stimulate the S1 cells projecting to the patched cell in M1. We (Fig 1Bx-xii) . High frequency stimulation (125Hz) in the 210 presence of NMDA and AMPA antagonists did not produce any responses (Fig 1Bxiii-xv) , 211 suggesting a lack of metabotropic glutamate receptor activation in this pathway.
213
Cells in all layers of M1 produced EPSP amplitudes that showed a monotonic relationship with 214 stimulation intensity (see Fig 2A) , a very common feature in cortico-cortical pathways (Covic (E2/E1=0.85, Mann-Whitney, p=0.015, see Fig 2C) . Finally, response latencies in layers 2/3 220 cells were significantly longer than those in layers 5 and 6 (Mann Whitney, p<0.05, Fig 2D) . 
Responses to Optical Stimulation
225
A noteworthy disadvantage of electrical stimulation is that it can activate not only cell bodies but 226 also axons of passage. As mentioned earlier, we tried to minimize the effect of potential axonal 227 stimulation by using caged glutamate photostimulation to identify input "hotspots" within S1.
228
Nonetheless, we wanted to see whether the synaptic profile of the S1-to-M1input we observed 229 using electrical stimulation would be the same if we stimulated the pathway optically, thus 230 eliminating entirely the possibility of axons-of-passage stimulation.
231
For that purpose, we patched M1 cells in animals that had been previously injected with AAV5-
232
CaMKIIa-hChR2(H134R)-EYFP in S1 (Fig 3A) . The injections resulted in widespread paired-pulse depression (Fig 3C, lower trace) . We also wanted to see how these particular cells we placed an electrical stimulator in layer 5 of S1 and carefully moved it around within S1 until 245 a monosynaptic response was seen in the recorded M1 cell. We did so while using minimal layer 5 and layer 6 (Fig 4) . Due to the very small number of boutons in layer 6, we decided to focus on layers 2/3 and 5, and we measured 500 boutons in each of these layers. classify the S1-to-M1 inputs as Class 1 (and more specifically as Class 1B, see below).
276
Furthermore, our anatomical data supported this classification, since the S1-to-M1 pathway 277 terminates in both small and large boutons; a feature that is seen in all Class 1 inputs but never in
278
Class 2 inputs, which are associated with small boutons only.
279
Our sample of recorded cells does not include layer 4, which we were unable to identify in our of S1.
301
The graded pattern of response amplitudes we saw in M1 cells following electrical stimulation of 302 S1 is an indication that many axons originating in S1 converge onto individual M1 cells.
303
Increasing stimulation intensities in S1 result in the recruitment of a progressively larger number 
311
The relatively large initial EPSPs and paired-pulse depression that we observed in the S1 input to
312
M1 suggest that this pathway involves synapses with a high probability of glutamate release inputs from all M1-projecting layers in S1) all responses resembled those observed from 337 stimulation of layer 5 in S1, is indicative that the S1 to M1 pathway may be surprisingly 338 homogenous.
339
The overall synaptic homogeneity of the S1-to-M1 pathway we report here is uncharacteristic of 
